A test rig to be usedfor time-dependent static pressure and velocity distribution measurements in a pulsatile pipe flow with laminar; transitional and turbulent regimes was initially designed and constructed. An interactive data acquisition and control system including data storage acquisition, and processing of the measured data together with interactive control of corresponding test rig components was designed and operated on the constructed test rig. A high speed computer aided processing of time-dependent pulsatile flow measurements was thus achieved sensitively by means ofthis interactive system. The systematic experiments on velocity andfrictional loss ofpulsatile pipe flow could be carried out easily on the test rig in a short time period. The operation principles and advantages of the system are discussed here in sufficient detail.
Introduction
Pulsatile flow has been commonly defined as an unsteady flow with a periodic time dependence. The measurements for this type of flow have to be conducted in accordance with a reference time characterizing the flow periodicity to obtain meaningful data. The flow considered in this study is a pulsatile pipe flow for whose velocity field is dependent on the radial direction r of the cylindrical coordinates in addition to its time dependence. The dependence of the velocity field to the axial direction has been however accepted to be negligible for fully developed regions. It can be so easily said that a pulsatile pipe flow test rig to be used for fully developed velocity field investigations 6 ,! 4 should be supported with a specially designed data acquisition system which at least enables measurements depending on time and radial direction.
The previously conducted experimental investigations on the pulsatile pipe flow must be carried by means of a data acquisition system keeps to the above mentioned requirements. However the data acquisition systems used for this purpose in the literature!' 2, 3, 4, 5 have not been explained in complete details to clarify their operation principles and advantages. The filling of the gap on details of a data acquisition systems used for a pulsatile pipe flow investigation is therefore aimed in this study. The details of the used interactive data acquisition and control system such as operation principles, speed, repeatability, sensitivity, advantages, etc. are presented in this paper together with its design and construction criterion. In this paper, the properties of the pulsatile pipe flow test-rig on which the interactive data acquisition system coupled and the measurement devices used in the test-rig are also summarized to make easy the under-standing of the interactive system operation.
Test-rig
A test rig for producing pulsatile and oscillatory pipe flows at laminar, transitional, and turbulent Reynolds numbers was firstly built in view of the available literature. A schematic layout of the constructed test rig is shown in Figure I . Air at ambient conditions is used in the test rig as a working fluid and the air flow is generated in suction. A short description of the test rig is given below. A more detailed description of the test rig can be found either in Giindogdu 6 or Carpinlioglu and Giindogdu 7 .
Figure 1: A schematic layout of the test rig (dimensions in mm).
The test rig is made up of the basic components; namely, steady flow generation unit, pulse generator, pipe line, flow regulation unit, measurement instruments and an interactive data acquisition and control system. The pipe line of the test rig is consisted of rigid, smooth, polyvinyl chloride pipes with 50.4 mm internal diameter D. The pipe line is connected to the turbulence removing unit at one end and to the piston of the pulse generator at the other end by means of two bell-shaped smooth transitions as shown in Figure I . Internal cross-sectional areas of the transitions are designed to change steadily through the flow direction, so that the mean air velocity changed steadily in the transitions. A honeycomb made of plastic straws preceded by a coarse screen and followed by a fine screen is used at the air entry of the pipe line to control flow turbulence scale and intensity in view of the investigations by Loehrke and as shown in Figure 2 . This system used with the test rig was mainly composed from a computer (Pentium 200 MMX), a high-performance plug-in hardware (DAS-1602, Keithley), and some application programs prepared by us in Microsoft Quick Basic under DOS prompt using a standard software package (DAS-1600, Keithley) compatible with the hardware 6 . A screw terminal accessory board (STA-16, Keithley) for connecting input and output signals on the hardware and an isolation accessory board constructed by us for isolating the hardware from unexpected variations of connected signals were also used in this system as two accessory equipment. A step motor driving board (SME-200, PP-Electronic GmbH) fed by control signals from the DAS-1602 hardware and power source from a 200 watt capacity DC power supply was used to drive the step motor of the probe traversing unit. Control of the probe traversing unit was achieved by means of this driving board and the hardware board used as a step motor control board. Internal connections of the data acquisition and control system components is also schematically shown in Figure 2 .
Operation procedure of the data acquisition and control system for an experimental case
The axial velocity data at 14 radial positions in the pipe cross section and the static pressure difference data for any experimental case were accumulated at 30 different but equally spaced instants of a pulsation cycle. This timing of the data accumulation was obtained by means of the reference time signals generated by an optical encoder (TRD-J-30-RZV, Koyo Electronics) coupled on the crank of the pulse generator as shown in Figure 2 . The data accumulation for each of 30 different phases in a cycle was continued through 200 cycles to obtain the data amounts allowing the treatment of an ensemble averaging. Operation of the system during all of measurements for an experimental case was coordinated by means of an interactive main program prepared in the Microsoft Quick Basic programming language version 4.5 by using special functions of the DAS-1600 standard software package. This program mainly consists of a data acquisition control program and a step motor control program. It supplies successive running of the data acquisition control program for any radial position in the pipe cross section and then the step motor control program to traverse the anemometer probe from one radial position to another. It thus enables the accumulation of time-dependent axial velocity data through 14 different radial positions in the pipe radius for 30 different phases of a pulsation cycle in only one running operation. Operation procedure ofthe system controlled by the interactive main program after generation ofany wanted pulsatile pipe flow in the test rig is summarized step by step as follow;
i. The output signals of the bot-wire anemometer whose probe positioned in the pipe at r = 25.2 or y = 0 and tbe pressure transducer were started to accumulate at 30 different phases of the cycle with respect to the external pacer clock signal generated 30 times a cycle of the pulse generator crank by the optical encoder when the external triggering time signal generated in the same cycle at the reference angle (0 degree) oftbe crank triggered the hardware board.
ii. The accumulation of both output signals was continued during 200 pulsation cycles to obtain 200 sets of data for each of 30 different pulsation phases. This amount of 
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Control of the probe traversing unit of the hot-wire anemometer and all accumulation, acquisition, and processing of the measured velocity and pressure difference data in the test rig were carried by means of a fully computer-aided interactive data acquisition and control system Velocity measurements were conducted by (Figure 1) means of a hot-wire anemometer (CTA 56CO 1, DANTEC). The anemometer probe was calibrated at the test section in steady flow field. The test section was located 125 D downstream of the flow regulation unit to obtain the fully developed laminar and turbulent pulsatile pipe flows in view of Florio and Mueller IO , and Ohmi et alII. The axial velocity component u was measured at 14 radial points to obtain the velocity profile across the pipe cross section. The probe traversing mechanism was driven by a computer-controlled step motor with 200 step/revolution. The static pressure difference between two static taps symmetrically apart from the test section with 45 D axial distance was measured using a differential type inductive pressure transducer (PD I, HBM) with a measurement range from 0 to ±0.01 bar. The determination of the axial distance between the taps was in view of the previous study carried by Zhao et a1 I2 . The fully developed static pressure gradient dP/dx at the test section of the pipe line was then approximated by division of the measured static pressure difference ilP to the axial distance AL (90 D) between the taps.
Reta of the generated pulsatile flow can thus be adjusted to any chosen value by adjusting the rotational speed of the fan. Pulsation frequency is controlled by controlling the rotational speed of the slider crank by means of a second AC motor speed control unit (6SE3013-4BAOO, SIEMENS). Velocity amplitude can be adjusted by changing the piston stroke. In the presented system, the selected range of main flow parameters were such that air was considered to be slightly compressible.
data was determined in conformity with the ones in the cited literature to allow the treatment of an ensemble averaging for measured velocity and pressure difference data.
The number of accumulated velocity and pressure data was counted by means of an internal counter of the hardware and the accumulation was stopped automatically by the program when totally of 6000 velocity data (i.~., 30x200) and 6000 pressure data were accumulated from both output signals of the measurement devices.
iii. The conversion of tbe accumulated data into the conventional velocity(m/s) and pressure(Pa) units with respect to the calibration results of the measurement devices and ensemble averaging ofthe converted velocity and the pressure data for every pulsation phase were then carried and stored into a dynamic buffer located in the program.
iv. The probe of CTA 56CO I was traversed in radial direction in the user fixed traversing route by means of the step motor control division of the interactive main program. The traversing route of the probe from pipe wall to axis was settled into the program in the following sequence in tbis study; r = {25.2, 24.7, 24.2, 23.7, 23.2, 22.7, 20.2, 17.7, 15.2, 12.7, 10.2,7.7,5.2,2.7, O}. The step motor control division of the program sends adequate number of digital control signals to the step motor over digital output channels of the hardware board. The adequate nwnber of digital signals(NDS) were calculated in the program by using the fixed specifications of the step motor and the probe traversing mechanism as that; NDS= [(distance between the present and the next radial position of the probe(mm) -i-pitch distance of the traversing mechanism for one revolution of the step motor(i.e., 0.5 mm» (number of step required for one revolution of the step motor(i.e., 200)].
v. Only the output signal of the hot-wire anemometer was continued to accumulate at the second and the remaining radial positions of the traversing route in a consecutive sequence as explained in steps i, ii, iii, and iv. This consecutive running of data acquisition and control system was obtained by means of the interactive main program.
vi. The anemometer probe was traversed back to its starting radial position (r = 25.2 or y = 0) when the accumulation of velocity data from the hot-wire anemometer was completed at the last radial position(r = 0 or y = 25.2) of the traversing route. vii. All of the velocity data accumulated at 14 different radial position in the pipe and the static pressure difference data were then written into a user fixed data file together with the ensemble averaged values of velocity and pressure for 30 different phases of a pulsation cycle. By means of the interactive data acquisition and control system, totally of 84000(i.e., 30x200x14) instantaneous velocity data, 6000(i.e., 30x200) instantaneous pressure data, 420(i.e., 30x14) ensemble averaged velocity data, and 30 ensemble averaged pressure data were thus automatically recorded through one full measurement operation for a specific experimental pulsatile flow case.
viii. The recorded velocity and pressure data were then read from the data file and processed by means of a data processing program prepared by using the Mathematica 3.0 package of Wolfram Research. The data processing techniques including the calculations of root mean square values of measured quantities, cross sectional mean velocity, Finite Fourier Transform (FFT) approximation of the measured quantities, wall shear stress, and flow friction factors whose definitions and derivations were given in the previous papers of the authors 7.13, /4 were carried out. Meanwhile the graphs representing the results ofthe measurements and the data processing analyses were plotted automatically by this program. The cross sectional mean velocity Urn was evaluated by integrating tbe measured u profile through the pipe cross section numerically by making use of the well-known Simpson's rule. Both measured values of Urn and LiP were approximated by the finite Fourier transform with harmonics up to 6 using 30 values for a cycle and thus the modulus and phase of each harmonics were determined.
Experimental study
A detailed experimental investigation on velocity field and frictional loss of pulsatile pipe flows was carried by using the present test rig and the data acquisition and control system by Gilndogdu 6 In these experiments, an experiment conducted for a specific group of the characteristic pulsatile flow parameters; namely the time-averaged Reynolds number Re/a' the dimensionless pulsation frequency parameter N (defined as (D' =R2(D where (l) is angular 1) frequency of oscillation, Cl) = 2:n;f and R pipe radius) and the dimensionless velocity amplitude ratio A J ( defined as Iu rn , os, 11 ) As an example to the measurements carned by means of this data acquisition and control system, Figure 3 shows the variation of the ensemble-averaged axial velocity u with respect to the dimensionless radial distance rIR through 14 different phases«Dt/(2n/30) of the pulsation cycle for the run with characteristic parameters; Re ra =3.56xl0 4 , -{(O'=28.010, and A 1 =O.2359. Figure 4 shows variations of the cross sectional mean velocity Urn' the pressure gradient LiP/L, and the wall shear stress "t w through the pulsation cycle for the same run. Figure 5 shows variations of the instantaneous friction factor "-u(t) interactive data acquisition and control system including all of data storage -acquisition, and processing abilities of the measured data together with interactive control of some test rig components was designed and operated on the test rig. A high speed computer aided handling of time-dependent velocity and pressure measurements was achieved with a quite sensitive data processing ability. The pulsatile pipe flow has been characterized by at least three parameters therefore systematic experimental investigations on the flow requires quite high number of experimental runs with a large amount of time spent. Decreasing the time spent for measurements and processing of the measured data has of a great importance. For this pUIpose, an
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